
510                                                                                                                                                                               TECHNICAL JOURNAL 15, 4(2021), 510-517 

ISSN 1846-6168 (Print), ISSN 1848-5588 (Online)                                                                                                                                                              Preliminary communication 
https://doi.org/10.31803/tg-20210304095657 

 
 

Six Sigma Approach to Enhance Concurrency of the Procurement Process for Raw Materials 
 

Atanas Kochov*, Aleksandar Argilovski 
 

Abstract: This paper presents the improvement of the procurement process for raw materials in a real manufacturing company supported by the Lean Sig Sigma as structured 
approach to deliver the improvement. The manufacturing company that is a subject of this paper have received a significant amount of complains regarding the internal purchase 
orders approval process and the overall procurement process of the company from both internal employees and external vendors and contractors. Considering that the company 
is procuring the raw goods from selected vendors, therefore the entire manufacturing plan depends on these materials, the company decided to improve this process trough Lean 
Six Sigma. The Lean Six Sigma approach was selected in order to obtain the improvement in a short time, based on indicators that were previously analyzed and prioritized. The 
paper focuses on simplifying of the process trough decreasing the number of mandatory steps.   
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1 INTRODUCTION 
 

The purchasing of the raw materials is one of the key 
features of the production planning and control process. 
Although sometimes this process is viewed as administrative 
and repetitive, it should be strategic and based on the current 
needs for purchasing of the companies.  

It is one of the most important factors that affects the 
shortening of the production plan and therefore enhancement 
of the competitiveness of the entire company on the market. 
Once this process is optimized and thought through, it could 
also generate a lot of savings for the companies as well as 
improve the relationships with the external contractors, 
vendors, and suppliers. 
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Figure 1 Map of the current process 
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Six Sigma puts the customers (or suppliers) first and uses 
the facts and data to drive better solutions and improve 
processes [1]. Six Sigma efforts target three main areas:  
improving customer (or other types of associates) 
satisfaction, reducing process cycle time and reducing 
defects.  

The case given in this paper is focused on improving a 
process to both reduce the process cycle time but also 
improve the relationships with one of the most important 
associates of the production companies – the suppliers of raw 
materials. Besides having the supplies responsible for the 
design, quality or performance of the materials, the 
production companies must work closely and transparently 
with the main suppliers. Considering that the manufacturing 
companies are highly dependent on the suppliers, actions 
such as these small improvements in the communication or 
easing the procedures for collaboration, can prevent a factory 
collapse, in more senses, starting from not producing enough, 
to building inventory or even cause environmental issues due 
to inadequate products or supplied materials.  

PO (or purchase order) could be defined as "request for 
purchase", in fact is an official confirmation from the buyer 
that they accept the quotation issued from the seller and they 
are willing to purchase the goods or services offered by the 
seller. A PO is the simplest type of fixed price contract [2]. 
The shortening of the administrative or technical process of 
issuing a PO, will help both the production company and the 
seller’s company. Besides the enhancement of the production 
plan and the reduction of the responsibilities for the 
employees, the improvement of this process will also 
improve the communication between both sides which leads 
to opportunities for both sides (the buyer and the seller) such 
as further business collaborations, contracts, discounts etc. 
The benefit of this improvement could be monetarized 
through the reduction of manpower and shortening of the 
production plan. 

The problem that is covered in this paper is taken from 
real manufacturing company (Company A). The extended 
process of identification of the needs for purchasing and the 
purchasing itself in this company is illustrated in Fig. 1. The 
suppliers of this company are constantly complaining about 
the significantly long time for receiving of the official order 
(PO) from the manufacturing company counted from the 
moment when they issue their financial quotation. The 
current lead time for defining the needs and releasing PO for 
raw materials in the Company A is approximately 51 
working hours. 

The project will be led according to the DMAIC 
framework (define, measure, analyse, improve and control) 
since this improvement is being implemented on already 
existing process [3].  

The project team is consisted of: 
• Project sponsor (1 member) – business representative (in 

this case the Plant manager) and project initiator, 
• Six Sigma Black Belt (1 member) – to translate business 

goals into Six Sigma deliverables, define Six sigma 
strategy and mentor other involved sides. 

• Six Sigma Green Belts (2 members) – for project tools 
execution to deliver results. 
 

Due to the type of the process (cross-departmental) 
several other employees from different departments were 
contacted to gather the needed data (especially in the 
Measure phase). 
 
2 DEFINE 
 

To define the problem, the team will issue problem and 
goal statement based on the requirements of the project 
sponsor (the Plant Manager of Company A) as well as the 
voice of the stakeholders that are directly involved in this 
process. Other project management aspects such as 
resources, time and cost are also finalized in this phase, but 
this will not be showcased within this paper in details.  

The time required to implement this improvement is 
estimated to be three months with minimum costs needed for 
the improvement of the purchasing system.  
 
2.1 User Requirements 
 

This process has several users such as the different 
suppliers of raw materials and all the internal departments 
that are included in this process such as Planning, 
Purchasing, Manufacturing, Transport & Logistics, Finances, 
Supply Chain and finally, the sponsor of the project – the 
Plant Manager of Company A.  

To gather user requirements, Six Sigma offers tool that 
is as simple as "Voice of the customer (VOC)". "Customers" 
of this process are all above mentioned sides that are part of 
the process in any way. Fig. 3 is showcasing the full VOC 
analysis for the project.  
 
2.2 Problem and Goal Statement 
 

The problem and the goal statements are one of the main 
starting point of the Six Sigma project. The statements should 
be based on a brainstorming session within the team – they 
should be short and perfectly clear to the team. Fig. 2 is 
showing the "Problem Statement" and the "Goal Statement" 
for this project.  
 

PROBLEM STATEMENT

The process of 
procurement of raw 
materials in the company 
needed as base for the 
manicuring process is too 
long and complicated 
which results with delays 
of the manufacturing and 
unsatisfied clients and 
suppliers.

“
GOAL STATEMENT

The goal of the project is 
to shorten the time 
needed for the needs 
identification and 
procurement of the raw 
materials, reduce the 
steps and approvers and 
increase the concurrency 
of the process. 

“

Figure 2 Problem and goal statements 
 
Further explanations of these statements could be done 

in a separate document, if needed.  
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CUSTOMER WHY ARE THEY SAYING IT? WHAT DO THEY NEED?
 “We wait for several days to get the PO 
after issuing the quote”

Suppliers need the decisions as soon as 
possible because they plan all quoted 
materials same as the ordered ones.

They need standard process with defined time 
of waiting to get PO after the Company’s 
decision.

“Do not ignore our follow-up e-mails”
The suppliers need information in order to 
plan their capacities. They could take this as 
bad collaboration from the Company A. 

They need frequent feedback even if this 
feedback is negative (not accepting the quote).

“Asking/giving quotes for the same time 
over and over is counterproductive – we are 
serious in doing business with you”

The suppliers spend a lot of time to prepare 
the quotes for the same quantities and 
materials over and over.

The supplier means that they want to set 
mutually standardized process for procurement 
of these standard materials 

”Orders usually don’t reflect the number of 
the exact number of quoted parts”

Company A sometimes takes liberty to set 
more parts in the orders than the quoted 
number. This is not good for supplier’s plan.

Previously defined specification regarding the 
quantities that will satisfy the production and 
the storage requirements of Company A.

“You usually ask us to ship/prepare the parts 
before you officially place the PO”

The suppliers can’t send their parts before 
the business is confirmed with a PO.

Understanding that the PO is crucial 
confirmation for them to even start preparing 
the materials for dispatch. 

“The relationship with our suppliers is not 
very good because we are very late with the 
POs”

Procurement employees think that the 
process of internal PO processing is very 
slow. 

Reduction of the administrative work.

“We received strikes from our clients that 
didn’t received our products on time”

Not having enough raw materials to produce 
the parts on time resulted with losing 
business with the clients of Company A.

Process that will ensure that all raw materials 
are in Company A just in time.

“We don’t have enough space to store all 
materials”

Logistics (Warehouse) department is 
struggling with the quantities of raw 
materials sometimes.

The inventory of raw materials should be as 
optimized as possible because inventory 
generates waste.

“We noticed that the discounts given by the 
suppliers are decreased by 40% in the past 
year”

Procurement team is not able to reach their 
discounts goals from the suppliers because 
they have been unreliable in the past.

Fast and transparent process is needed.

“The project plan is changing frequently to 
reflect the available raw materials”

Planning department should modify the plan 
according to available raw materials – no 
matter if these parts are not critical.

Just-in-Time delivery of all raw materials in 
order not to produce uncritical parts just to 
keep the equipment running.

“Approving the POs is not my primary job, so 
I am aware that I am late with the 
approvals”

The Plant Manager is aware that they are 
late with the approval of the POs.

Introduce different type of control and exclude 
the Plant Manager and other unnecessary 
approvers from the process.

“There are too many levels of approval, we 
have to follow-up them all the time”

Procurement is struggling to make all 
managers/supervisors to approve on time.

Exclude all unnecessary approvers from the 
process and find a way to have them 
responsible earlier in the process.

Figure 3 Voice of the customer 
 

As stated in Fig. 2, the main goal is to transform this 
process into more concurrent (parallel) process and therefore 
shorten the time needed for processing the orders. Besides 
shortening and clarifying the procurement process, this will 
shorten the production plan as well as reduce the risks of 
deficiency of raw materials for the production process. To 
clarify this, the project team expanded the goal statement and 
brainstormed several additional benefits/points how to 
transform the current traditional procurement into 
contemporary procurement that will be driven by the Lean 
philosophy and concurrent engineering fundamentals. 

As seen on Fig 4., thanks to the LEAN and concurrent 
engineering principles, some of the usual steps of the 
procurement process will be transformed which means 
smaller order sizes, agility, frequent control, performing 
more steps parallelly, standardization of the steps and 
implementation of Just-In-Time (JIT) methodology. These 
directions will be the focus of the team during the Improve 
phase, but also will help to define the Key Performance 
Indicators that will measure the success of this improvement 
after the implementation. 
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Figure 4 Transformation of traditional procurement to LEAN (concurrent) 

procurement process 
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2.3 SIPOC 
 
 Considering that the Define phase is laying-out the 
general characteristics of the problem/process, the SIPOC 
gives high-level management that simplifies and separates 
the process variables in five groups: Suppliers, Inputs, 
Process, Outputs and Customers. The SIPOC analysis for the 
discussed problem is shown in Fig. 5.  
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Figure 5 SIPOC analysis 

 
3 MEASURE 
 

The purpose of this step is to thoroughly understand the 
current state of the process and collect reliable data on the 
process time, quality and costs and use that data to identify 
possible bottleneck, to set clear and measurable goals and 
have real figures for comparation and confirmation of the 
improvement at the end of the project [1].  
 
3.1 Mapping of the Current Process  
 

The current process was observed several times so that 
the team be able to map it in a simple flowchart. Fig. 1 is 
giving more realistic view on this process but when it comes 
to using the Six Sigma tools in the right way, a flowchart 
should be created to have clear overview of the steps. This 
will also help to set the KPIs and identify the value-added 
and non-value-added steps in the process.  

The flowchart for the process is shown in Fig. 6. On a 
first look, it is obvious that this process is not predictable and 
straight forward. It includes few decisions that could end-up 
with at least two outputs, sub-steps that are time consuming, 
manual steps etc. This process could be easily separated in 
few different processes such as (a) the identifying of the 
needs, (b) the administrative procurement process (c) the 
supplier’s process. For this process, this is unwanted due to 
the connection between all these sub-processes. This process 
is specific, and all of these steps need to be integrated and the 
participants to be as involved in each one of them as much as 
possible and as early as possible.  
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Figure 6 Map of the current process 

 
It is easy to observe that the process is sequential – there 

are many "walls" (Fig. 7) [4] between the departments that 
are driving this process and these walls are the main sources 
of miscommunications, delays and variations of this process.  
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Figure 7 “Walls” between the stakeholders of the process 
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3.2 Key Performance Indicators 
 

Tab. 1 is showing the generated and measured KPIs of 
the current process. The KPIs are generated based on the goal 
of the project because these KPI values will be compared 
with the same values measured at the end of the project.  
 

Table 1 Key performance indicators summary 
Indicator Unit Value 

hours needed for vendors to receive PO working hours 16,5 
mistakes in the Purchase Orders mistake/month 9 
discounts from the suppliers monthly € 4k 
delays of parts delivery due delay of the PO working hours 16 
response time to vendor’s questions h 8 
number of steps in the procurement process steps 22 
number of approvers person 7 to 10 
length of the full process h 116 

 
4 ANALYSE 
 

The Analyse phase for this project will focus on two 
main things: the investigation of the root cause and 
identification of the obsolete steps in the current process – 
the steps that do not add any value for the clients/suppliers or 
the Company A itself. The data is gathered mostly by 
observation of the current process and interviewing. 
 
4.1 5 Why 
 

The 5 Why analysis [5] is an easy and creative way to 
identify the root cause of the problem and give one more 
direction to the team for designing better solution.  

 

Why?

“Because the approval is needed from many 
different departments”

Problem
“Orders processing to 
the suppliers of raw 
materials is too slow 

and complicated”

Why?

“Because not all needed departments are 
included from the beginning” Why?

“Because only planning have insights of the 
current needs and storage” Why?

“Because that is how the procedure is set” Why?

“Because the previous plant manager set it 
like this” Why?

“Because Procurement and Manufacturing 
wanted to focus on their primary scope of 

work”
Why?

“Because they have no enough people that 
would care for the stock of raw materials 

and JIT needs”
Why?

“Because all supervisors/managers should 
check the reliability of the order Why?

 
Figure 8 5 WHY analysis 

 
The analysis shown on Fig. 8 states gives a perspective 

what could be the potential root causes for this problem, 
finally concluding that the careless approach to stock and 
Just-in-Time needs of raw materials is causing the problems. 

 

4.2 Value-Added Analysis 
 

To identify which steps are obsolete in this process, 
Value-added analysis [1] will be performed. This analysis 
consists of three different types of activities that are assigned 
to each step of the process [6]. These activities are defined as 
such: 
• value-added activities – activity/step which adds any 

value that a customer is willing to pay for to the 
manufacturing company, 

• non-value-added steps – opposite to the value-added 
steps, these activities do not add any value to the finished 
product, these activities consume time, space and 
resources but they do not contribute to satisfy the 
customer’s needs at the end, these steps also generate 
waste (Fig. 9) [6], 

• necessary steps – these activities/steps are also 
consuming time, space and resources and do not 
contribute to produce what the customer wants, but these 
steps are needed or mandatory in the process. 

 

OVERPRODUCTION OVERPROCESSING HANDLING

DEFECTS INVENTORY TRANSPORT

 
Figure 9 The six wastes of LEAN  

 
The goal of the value-added analysis is to classify all 

steps of the process as steps that add value, steps that do not 
add value and necessary steps [1]. There should always be 
steps that add value and these steps should stay in the process. 
The ones that do not add value should be immediately 
eliminated, and the ones that are necessary, even though they 
don’t add any value, they cannot be eliminated, therefore 
these steps should be optimized or reduced to minimum.  

For this analysis, a flowchart is needed (could be used 
the one in Fig. 6) and a table laying out all the steps. We will 
also get back to the Measure phase outcomes and use the 
results in the table to find out which steps are doing the most 
“damage” to the process. 

Since the team is mostly focused on shortening the time 
of this process, the lead time of all steps should be measured 
and set in the table (in the Lead time column, all values are 
in hours). After that, all steps are labelled according to the 
fact if they add value (VA column) to the process/products or 
the company, they do not add value (NVA column) or they 
are simply necessary (N column). After this segregation, the 
"non-value-added" steps are being eliminated, and then the 
team decides for the further improvement or rearrangement 
of the value-added and the necessary steps (Action column 
will state the future of the given step of the process). Tab. 2 
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is summarizing the Value-added analysis for the problem 
reviewed in this study. 

  
Table 2 Value-added analysis 

Step Lead 
time 

Type of Value-added Action VA NVA N 
Meeting for the needs of 
raw materials 2     2 Improve 

Escalation to 
Manufacturing 0,5  0,5  Eliminate 

Checks in Warehouse 1   1   Eliminate 
Feedback from 
Warehouse 0,5  0,5  Eliminate 

Manufacturing & 
Planning meet to 
determinate needs 

1,5   1,5   Eliminate 

Meeting with 
Procurement to present 
needs 

0,5  0,5  Eliminate 

Procurement forms 
specification 2 2     Keep 

Request for quotation 2 2   Keep 
Waiting for quotations 24      24 Keep 
Insert all quotes in the 
system 1   1 Improve 

BID analysis 1     1 Improve 
Vendor selection and 
quote selection 1   1 Improve 

PO Raise 0,1     0,5 Improve 
Manufacturing approval 1  1  Eliminate 
Planning approval 1   1   Eliminate 
Logistics Approval 1  1  Eliminate 
Finances checks 
available budget 3   3   Eliminate 

Finances approval 1   1 Keep 
Procurement approval 1   1  Eliminate 
Supply chain manager 
approval 2  2  Keep 

Plant manager approval 3   3   Eliminate 
PO sent to the vendor 0,5   0,5 Keep 
Vendor process the PO 1     1 Keep 
Manufacturing of the 
materials 40 40   Keep 

Packing 2 2     Keep 
Shipping 16   16 Keep 
Delivery on site 2     2 Keep 
Storage on site 3   3 Improve 
Materials enter 
manufacturing 1     1 Improve 

Total (h) 116 46 16 54  

 
5 IMPROVE 
 

During this step, the team will implement all actions that 
were identified in the Analyse phase. For this given case, 
considering that the team is improving a strategic process of 
the company, they should ensure that this process is stable, 
predictable and meets customer requirements. Thanks to the 
Six Sigma’s structured and step-by-step methodology, all of 
the mentioned process characteristics were already taken into 
consideration in both Measure and Analyse phases. At the 
end of the phase the team should also compare the results 
with the baselines given at the beginning of the project 
(especially with the set end measured KPIs). 

To illustrate the process transformation, "To-be" process 
map (Fig. 10) was created where the obsolete steps are 

moved to the side of the flowchart and new connections or 
steps are created. 
 

  

Management 
approvals

BID

Planning looks 
into the needs

Planning escalates 
to Manufacturing

Checks space and 
inventory

Look into the 
materials needs

 

 

END

START

Materials 
needed?

Materials 
needed?

Present needs to 
Procurement

Procurement 
prepare specific.

Requests for 
quotations

Waiting for 
quotation

Inserts all quotes 
in the system

PO raise

PO sent to the 
supplier

Supplier prepares 
the materials

Shipment Storage on site

 

 

 

 

 

 

 

 

 

 

 

Monitoring of the 
materials

Monitoring of the 
inventory

STEPS THAT ADD VALUE AND 
MANDATORY STEPS

STEPS THAT DON’T ADD VALUE – 
OBSOLETE STEPS

Materials enter 
manufacturing

Management 
approvals

A
ut

om
at

iz
e 

st
ep

s

Take out Planning, 
Procurem

ent, M
anufacturing, 

Logistics and Plant M
anager

 

 
Figure 10 Map of the "to-be" process (light grey), the steps that are obsolete and 

will be eliminated (dark grey) 
 
The final process, for comparation to the one on Fig. 6, 

could be seen on Fig. 11 with all removed and modified steps.  
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Meeting to 
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Figure 11 Map of the improved (final) process 

 
5.1 Compare Results to the Baseline  
 

The KPIs set and measured previously in the Measure 
phase of the project, are now re-measured. The goal is to 
quantify the success of the improvement after the 
implementation of the process.  
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Figure 12 (1) Needed hours for raise a PO after the quote, (2) number of steps in 
the process before and after the improvement 

 
The results of the re-measurement are given in Tab. 3, as 

well as on the chart in the following figures (Fig. 12 and Fig. 
13). 

The improvement of many KPIs is notable from Tab 3. 
For example, the hours needed for the suppliers to receive the 

PO was decreased from 16,5 working hours to only 6, which 
is mostly thanks to the reduced number of approvals by the 
different departments that was also reduced from 7 approvers 
to only 2 mandatory approvers. 
 

Table 3 Comparation of the Key Performance Indicators measured in Measure 
phase and the current values of the same KPIs 

Indicator Unit Before After 
hours needed for vendors to receive PO h 16,5 6 
mistakes in the Purchase Orders # 9 0 
discounts from the suppliers monthly € 4k 12k 
delays of parts delivery due delay of the PO h 16 0 
response time to vendor’s questions h 8 1 
number of steps in the procurement process # 22 10 
number of approvers # 7 - 10 2  
length of the full process h 116 90 

 

7 APPROVERS

Before

2 APPROVERS

After

 
Figure 13 Number of PO approvers before and after the improvement 

 
6 CONTROL AND MONITORING PLAN 
 

The modified process must be accepted by both internal 
stakeholders (company’s departments) and external sides 
(vendors, suppliers and customers) in order to keep 
transparency and avoid miscommunications or generating 
waste (generating inventory, overproduction, transportation 
related waste of time, unnecessary steps etc.) in the future.  

Internally, in the company, this will be performed in the 
following order: 
• the procedure for procurement of raw goods will be 

completely revised in compliance with the internal 
Quality Management System, 

• all relevant employees will be trained for this procedure, 
• to avoid additional miscommunications, the change will 

also go through the internal Management of Change 
process where the entire management is responsible for 
understanding, approving, and sharing this change with 
their teams.  
 
The external vendors should also be introduced to the 

process change due to compliance with the quality assurance 
standards up to a level of details which is defined in the non-
disclosure agreement between the Company A and the 
possible suppliers of raw materials. The transparent approach 
regarding the process changes with the suppliers is 
mandatory if the Company A is looking forward to 
improving the communication and business with the 
suppliers. 

The process will be monitored in the following steps that 
are considered to be the bottlenecks of the process: 
• the Finances Department will be responsible to 

standardize a procedure/process for just-in-time 
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approved funds for raw materials due to the importance 
of these materials for the overall production – Finances 
will frequently monitor the budget and make sure that 
funds are available in the right time, 

• the Procurement manager will be responsible to perform 
a weekly audit of randomly selected vendors including 
the filled POs, the communication between the suppliers 
and the internal teams and the delivery of the materials, 

• the Plant Manager will be responsible to audit the 
process - monthly, 

• the attendance on the initial meeting for discussion 
regarding the needs will be mandatory and attendance 
tracker will show who, when and why was or wasn’t 
attending the meeting, 

• Planning department will be responsible to standardize a 
procedure for just-in-time purchasing and arrival of the 
raw materials – Planning will be responsible for 
implementation of this procedure as well as monitoring 
it, 

• All managers approvals should be acquired within one 
hour after the PO release (this only applies to the raw 
materials POs), if not, needed approvers will be 
highlighted by the system and automatically followed-
up. 

 
All these monitoring/controlling actions will be 

integrated in the new procedure for procurement of raw 
goods as well as the above-mentioned processes for JIT funds 
approvals and arrival of raw materials. 
 
7 CONCLUSIONS 
 

The purpose of this study was to improve the process for 
purchasing of raw materials in a real manufacturing 
company. The goal of the improvement was to enhance the 
concurrency of the process using the Lean Six Sigma 
framework for process improvement.  The purchasing of the 
raw materials is one of the key aspects in the production 
planning and control process. This process used to be very 
repetitive, administrative and sequential which could be 
observed in the several flowcharts presented in the paper 
which was not sufficient for the company considering that 
this process is strategic and should be based on the optimized 
and Just-in-time needs for purchasing of the raw materials.  

During this study, the team was using the DMAIC 
(define, measure, analyze, improve and control) framework 
to implement the improvement. The focus of the study is the 
Analyze and the Improve phases where the Value-added 
analysis is performed in the full scale. This analysis helped 
the team to reduce the number of steps in the process from 22 
in the initial process to only 10 in the final process which is 
sufficient for this project to be a success. The analysis also 
has shown that many of the steps are repetitive and should be 
integrated and possibly automated. The number of meetings 
as well as number of PO approvers was set to bare minimum 
which saved at least 12 working hours.  The full length of the 
process was brought from 166 working hours down to 92 
hours for execution of the entire process including the needs 

identification, administrative procurement process and the 
delivery of the materials.  

Due to the highly complicated process at the beginning, 
Six Sigma was the right choice for this improvement 
considering its facts-based and step-by-step approach which 
helped to clarify the process steps and all the involved sides. 
 
8 REFFERENCES 
 
[1] George, M. L. Rowlands, D., Pric, M., & Maxey, J. (2005). The 

Lean Six Sigma Pocket Toolbook: A Quick Reference Guide 
to 100 Tools for Improving Quality and Speed, 1st Edition. 

[2] (2017). A guide to Project Management Body of Knowledge: 
PMBOOK Guide – Sixth Edition, Project Management 
Institute. 

[3] Kochov, A. & Argilovski, A. (2020). Case Study: Six Sigma 
Project for Reducing Manual Handling of Materials in Real 
Manufacturing Company. Tehnički glasnik, 14(4), 499-506. 
https://doi.org/10.31803/tg-20201002115534 

[4] Prasad, B. (1996). Concurrent Engineering Fundamentals. Vol 
I: Integrated Product and Process Organization.  
https://doi.org/10.13140/RG.2.1.2613.0005 

[5] See https://kanbanize.com/lean-management/improvement/5-
whys-analysis-tool 

[6] Womack, J. P. & Jones, D. T. (1996). Lean Thinking: Banish 
Waste and Create Wealth in Your Corporation. Journal of the 
Operational Research Society, 48(11). 
https://doi.org/10.1038/sj.jors.2600967 

 
 
Authors’ contacts: 
 
Atanas Kochov, PhD 
(Corresponding author) 
Faculty of Mechanical Engineering – Skopje, 
Karposh II bb, 1000 Skopje, Republic of North Macedonia 
+389(0)71-299-299, atanas.kochov@mf.edu.mk 
 
Aleksandar Argilovski, MSc 
Faculty of Mechanical Engineering – Skopje, 
Karposh II bb, 1000 Skopje, Republic of North Macedonia 
+389(0)71-254-429, argilovski@hotmail.com 


	Atanas Kochov*, Aleksandar Argilovski
	Keywords: concurrent engineering; Lean; manufacturing; procurement; raw materials; Six Sigma
	1 INTRODUCTION
	2 DEFINE
	2.1 User Requirements
	2.2 Problem and Goal Statement
	2.3 SIPOC
	3 MEASURE
	3.1 Mapping of the Current Process
	3.2 Key Performance Indicators
	4 ANALYSE
	4.1 5 Why
	4.2 Value-Added Analysis
	5.1 Compare Results to the Baseline
	6 CONTROL AND MONITORING PLAN
	7 CONCLUSIONS
	8 REFFERENCES
	Authors’ contacts:
	Atanas Kochov, PhD
	Aleksandar Argilovski, MSc


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



